%18
2000 £ 2 H

m a2 T ¥ iR

ACTA POLYMERICA SINICA

No.1
Feb., 2000

BRABEANELHEIMARESFHRSHILLER "
FEE HAW IRF MM%

(PUFESBTFHRER JH  510275)

W E EE-WHES(TMA) B KE G & B & E #8815 (mMAO) B, KR HO ft TMA )
FHM mMAO =B E mMAO  TMA Z R W U W FEE X - FHELHK[Cp" Ti(0B2);]/mMAO 4
B AR R, S B E 2 mMAO RO B[ B0 A/TI BE/RI ) B mMAO P TMA SR EZ BANE S
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=FEAEE[Cp” Ti(OB2); 1 8 4kl 5 LT
HIEHA(TMA) B E A A mMAO ¥ HfEk
GRELEZHREMZHRE PR oMAO B
B[ AYTI EE/R ]I X mMAO H TMA i S B4
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1.4 BRI PRNELEI
SB[ 712 e, AERRAARE
MEXZEANARESMNERENEEL AW/
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Ti(l) T IV) 1# & & REBREH R R~H, B
FREEFHEHEASKKRPTHT. BT, MERT
HEHME SR REREAM PR EATRER
LHEBEGETHAEZHER TIBA LA FET#
189 Tl E LE R AR bR PR R
ERERE B FRERPHITH.
1.5 EeREFHHELE
ELEBA LAY BT M 8h, A5
BAEZTERESTHERMLE, £27CNMR 4
ek sPS. Bl o- “EEMEBM, 135SCHRE A E
sPSHIM A TR LMEZEEBH, 130CHRE
THERLHE(PE)M R B4 F B, PERKIN-
ELMER DSC-7C R ETMERITEAIRFT
4y HIiC & sPS, PE ) DSC 3%, 71 iR fo B iR 3 & iy
4 10C / min.
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2.1 2t Mao BhEFIE &

MAO B %4 /& fE1b & £ 09 & 2 B 7], of
FEW, FHAKE TMA IEH & MAO B, i RE
Al F KRB FI AL B U i, TMA A EEsE £ K
wER EBANESTH TMA 898 MAO
(mMAQ) . T mMAQ & TMA B &EXHEZE
AWK XA AL(SO,);* 18H,0 F 60T |
KBETFRE RN TMA, T BE, KEREER,
B EEK mMAO;E A IEE H,0 5 TMA BB R
i, B3 B TMA & &R F 8 B & mMAO, Bi
mMAOL, mMAO3 . H HH mMAOL Hl mMAO3
BHREREHLHE, £ 70C TESHMTER, B8
E A& 7 4 5 H mMAO2, mMAO4 %R, &
mMAOI IR B F 5B/ LER mMAOS, KL ES
i mMAO 1 TMA 5B RE 1.

AL (S0,); - 18H,0 K TMA, H,O fl TMA
BERH R 1.2 B, mMAOL B =2 &35 50.1% ;
H,0 fl TMA EE/REE R 1.8 B, mMAO3 B /=%
B 31.6%, ERABETHFRNKB-YH L.

%84 E & mMAO 1 TMA & B i H,0 #1 TMA
BERHLH KT /. #t— 2 40 mMAO, T EH#
B mMAO 51 TMA.

Table 1 Molar ratio of TMA and MAO consisted in mMAO prepared

by hydrolytic condensation of TMA with H,O from Al; (S0, }; -
18H,0

TMA retained
H,0/TMA mMAQ mMAO  Yield
( mol/ mol) l @ (o) °mMAO
sarmple g mol
1.2 mMAOL 17.4 50.1 26.1
mMAQ?2 " 15.8 45.5 22.5
i.8 mMAQ3 11.0 31.6 20.0
mMACO4 " 9.7 27.9 16.2

mMAGS5 ™" 8.9 25.6 15.4

reaction conditions: solvent toluene, temperature 60T, reaction time
24h; * and *¥ obtained by re-vaccum vaporization of mMAO1 and
mMAO3 toluene solution at 70C, respectively; * * # obtained by re-

vaccum vaporization of mMAQM4 toluene solution at 70°C

2.2 mMAO BRI (AT BEREE )M EZ B F
HEMESHZERERESHER

F B 5] mMAO i1k ah = ERREIL &
HOTEZHERARERNZERES, ERXESHEHDY
Al/Ti BEJRH. Im3 2 BF 7R, Cp* Ti (OBz),/
mMAOE A RZRELEXZERNARES FE
TMA & B8 &8 mMAO M &M AU/TI B/R
b, A i B oS & EAE (10° 21). % AL/TI = 800
(mol/mol) B}, BEALIEHME S TREE S L
fit, mMAO 5 EMLHAEE N 2% L/ Ti()
EHESL, HAEE S, B TRIEH K
M mMAO #EHBHEENR, BEEWH TFEREK;
Cp~ Ti(OBz)3;/mMAO L ZF K E G F
= TMA & BEMY mMAO MIB{EH Al/Ti B
R, BESXZEHHE, BEEERMK0 K),
XEZBBESRERM B EFOHENEX Y
Al/Ti=200(mol/mol) i, fE{LIFEMBE ST
BEE; A, IERAE OARTF LENRE.
2.3 HASRPUNREENEZ BFEER
Een¥m

F3IHHEA TMA S BEARMN mMAO HIK
Cp” Ti(OBz)3/mMAO H btk R#HIT R F
FHEESMER. £EE Al(mMAO)/Ti EE/RH
MEGF, BERFEREAN TMA S B L
EEPEMEIT(D) + T IMES S ER,
bk R ISR E B T a2 & ]
i hn.  mMAOL Frd sl e ik & TiCll)
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HES SRR (80.5%mol % ), ZE ik A4
R RS EERRS(1.12 X 10°gPS/gTi-
h). FTRERH B Ti( ) &S L8 T V)2 —4
FHE, BEM KSR EFRBTLUSFEN
AL, —FEBE T R Z&EER SV, A
la); B—HE ARG FHER Bk .LEF
EEBMK AMHES TEHF SRS H
8 Ti—C &%, B T B0 A S Ay G40 88, I
R R . R, B F mMAO4  TMA

HAOERL FASMEAERF T ESS
B, WA 317 % 245 @) 30 3B 4 i HE R R (X
3.0X10°gPS/gTih) . WA =4 sPS # Ml HLEE ( S.
IHEREBEMELEZES MAO fI TMA B4
SEMNUEHLWENEL, EREEUHLT
BRI TMA & BN &, R EiE, TMA
MHEERSEE TI(IEEFLOAEE, FEH
ELEHBE G L KEENE, H TMA F a7
FERHEA.

Table 2 Effect of Al/ Ti molar ratio on bulk syndicspecific polyrerization of styrene and ethylene slurry polymerization

Styrene bulk polymerization

Ethylene slurry polymerization

A(mMAOLY/Ti  Activity X107 S.L*  To  ppyqg-s AllmMAOSY/Ti - Activity X107 T 3 o qq-s
{mol/mol} (gPS/gTi-hy  (wt%) (T) ¢ mal/mol) {gPE/gTi*k} (T)
200 4.2 89.0  270.1 3.25 50 0.38 112.3  5.59
400 8.5 97.5  269.8 3.60 100 0.84 1122 5.68
800 11.2 98.5  271.5 3.84 200 1.9 1.8 5.12
1200 11.5 95.6  268.9 2.85 300 1.69 11,3 3.8
1600 9.5 92.3  266.8 2.49 400 0.25 i1 3.26

styrene bulk polymerization conditions: [ Ti] = 1. 04 X 10™* mol/L, styrene = 20ml., T, = 90T, 1 = Lh; ethylene slunry polymerization
conditions: [ Ti] =1.04 % 10 " >mol/L, P(C,F, ) = 0. 13MPa, roluene = 20ml., T, = 40T, £ =B.5h;
a)syndiotacuc index: weight% boiling butanone insoluble fraction, b)melting temperature by DSC determination
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Fig.1  Structure of acuve sites of growing sPS polymer chain 2} and PE polymer china b}

. Table 3 Styrene bulk polymerization with Cp* Ti{0Bz)3/mMAOQ catalytic systems

Ti oxidation state {mol % }

Run mMAQ Activity X 16°¢ S.1. To M, x 1073
No. sample Tid ) Ti(M) TV} (gPS/gTi*h) (wr%) ()

1 mMAQL 10.6 80.5 8.9 11.2 98.5 271.5 3.84

2 mMACTR2 4.6 60.0 25.1 5.61 97.9 269.8 4.02

3 mMAQ3 2.5 20.9 76.6 3.82 98.3 268.5 4.26

4 mMAO4 1.1 17.6 81.3 0.3 96.5 269.1 4.56
5 mMAOS 0.3 11.4 88.3 trace - - -

polymerization conditions: [ Ti] =1.04 % 10 *mol/L, Al/ Ti= 800( mol/mal), T,=9%0TC,:=1h

2.4 fEEBRPUANELENZIRRERSH
4.0

45N HE TMA & BARH mMAO #H &
] Cp” Ti(OBz);/mMAO Lk £ 72 H R ¥
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A B TMA § BE A mMAOL 41 539 fE 1L
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Table 4 Ethylene polymerization with Cp® Ti{ OBz}, and different mMAQ catalytic system

Run mMAO Ti oxidation state {mol% ) Activity x 1073 Tw M. %10}
No. sample Ti( L) Ti(lI) Ti{ V) (gPE/gTi*h) ()
6 mMAQ1 12.1 71.8 19.9 0.0 - -
7 mMAQO2 5.1 64.6 30.3 0.6 111.5 3.88
8 mMAQ3 1.8 21.3 76.9 1.2 112.1 4.50
9 mMAO4 0.7 17.2 81.6 1.6 112.2 4.98
10 mMAOS 0.1 11. 4 88.5 1.9 111.8 5.12

polymerization conditions: [ Ti] = 1.04 % 10 *mol/L, A/ Ti = 200(mol/ mel}, P(C;H,} = 0. 13MPa, toluene = 20mL, T,=40C ¢=0.5h

2.5 IMM=ERTESB(TIBAINEZBEFEM TMA SHERBLEE, THH mMAOG4 5, B
ESHER AR EEY TMA, Cp” Ti(0Bz),/mMAO4

F3H,Cp" Ti(OBz);/ mMAO L X Z 8 (U EHTEIZBRAMNEBESHZYHR L mME S
AEEMES, A mMAOL i, HEERESEM xR

Table 5 Influence of external addition of TIBA on styrene polymerization with Cp* Ti{OBz);/mMAQO4 catalytic system

Run TIBA{ add) Ti oxidation state {mol% )

activity X 10 * S.I. Ta M, x107°
No. (mmol ) Ti(1) Ti(lD) Ti(K) (ePS/¢Ti"h)  (wt%) (T
11 0.42 1.8 61.9 36.3 2.3 96.3 269.4 4.26
12 0.83 3.8 75.8 20.4 7.8 95.4 268.9 4.24
13 1.25 12.5 72.3 15.2 7.2 95.2 268.5 3.51
14 1.66 4.1 71.3 13.6 5.8 95.6 268.1 2.82

polymerization conditions: [ T3] =1.04 X 10™ *mol/L, Al{mMAO4) = 1. 25mmol, AI{mMAO4) / Ti = 600{ mol/mal ), styrene = 20mL.,
T,=90TC,i=1h

* B mMAO4 # B ML 37, B & Al
(mMAO4)/Ti BE/RHE KN 600, A M=RT &48
(TIBA) F mMAO4 BB fis{b &k £, 4 F TIBA
AL EEM TV )EEA Ti(lH), ATiEHS
EWN; % mMAO4 HI TIBA I BEE/REE N 3.2
BH12%), B A X EHERE. BAUN T

BB . M0 TIBA B A —4BE M, S &,
LEEEPC T #E—FRFR Ti(), EH
RMREE, I 13%, 4%  Hl FE BN EKER
TIBA REEEE, B RS9 FERE#H TIBA
MATI RN HEEERY TIBA BERESL
mMAO, F —EMBEMERE Y.
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STUDIES ON SYNDIOSPECIFIC POLYMERIZATION
OF STYRENE AND POLYMERIZATION OF ETHYLENE
WITH NOVEL TITANOCENE CATALYST

FANG Yutang, ZHU Fangming, WANG Qunfang, LIN Shangan
( Institute of Polymer Science, Zhongshan University, Guangzhou 510275)

Abstract  Syndiotactic polystyrene ( sPS) and polyethylene were comparatively synthesized with
homogeneous catalytic systems composing 1]5-pentamethycyclopentadienyltribenzyloxy titanium [Cp" Ti
(OBz); ] and various modified methylaluminoxanes (mMAQ). The content of TMA in mMAQO can be
controlled by regulating H,00/ TMA molar ratic during the preparation of mMAQ by partial hydrolysis of
TMA with Al, (SO, ), 18H,0. The effect of Al/Ti molar ratio on polymerization of styrene as well as
ethylene have been studied in detail. The oxidation states of titanium in Cp” Ti(OBz);/MAO catalytic
systems were determined by redox titration method. It seems that active centre of Ti( Il } is favorable for
styrene syndiospecific polymerization with higher catalytic activity, while Ti{IV ) center is favorable for
ethylene polymerization. The styrene syndiospecific polymerization may also be influenced by the external
addition of tri-isobutyl-aluminum ( TIBA) into the same catalytic sistem giving higher yield but slightly
lower molecular weight of sPS.

Key words Titanocene catalyst, Methylaluminoxane, Styrene syndiospecific polymerization, Ethlyene
polymerization



